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RESEARCH MEMORANDUM

PANEL-FLUTTER INVESTIGATION AT SUPERSONIC SPEEDS OF A FRESSURIZED
STRUCTURE FABRICATED OF 0.020-INCH-THICK
LAMINATED GLASS-PLASTIC

By L. Abbott Leissler

SUMMARY

It has been proposed that the structural weight of supersonic
missiles be reduced by the use of pressurized, thin-wall, glass-laminated
shells. A model utilizing this type of structure was Investigated in
the Lewis 8- by 6-foot supersonic wind tunmel to determine the minimum
internsal pressure necessary to prevent panel flutter. The shell was
fabricated from a 0.020-inch-thick glass-laminated skin in the form of
a frustum of a cone and located behind & conical metal forebody.

No skin flutter or fallure was observed at free-stream Mach numbers
of 1.5 or 2.0 with either an empty shell at zero angle of attack or a
shell half-filled with water at angles of attack of zero and 10°. The
empty shell was investigated at positive pressure differentials
(internsl pressure greater than externsl pressure) fram 6300 fo 50
pounds per square foot gt both Mach numbers. The shell half-filled with
water was investlgated at positive pressure differentials from 6300 to
700 pounds per sgquare foot at a free-stream Mach number of 2.0 and from
6300 to 350 pounds per square foot at e free-stream Mach number of 1.5.
Both shells were deformed, however, at a free-stream Mach number of 0.6
when & negative pressure differentisl was imposed. Relsing the inter-
nal pressure returned the shell to its original shape.

INTRODUCTION

In order to reduce the structursl weilght of supersonic airecraft,
it bas been suggested that, if components such as fuel tanks were
fabriceted of thin, 1ight, nonmetslilic materials, the structural weight
of missiles could be substantially reduced (ref. 1). Unfortunately,
sheets of this type exposed to the air stream msy be subject to panel
flutter which in turn could destroy the integrity of the structure.
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A theoretical approach to the panel-flutter problem (ref. 2) indi-
cated that the tendency to flutter would be reduced if the panel were
under tension. In reference 3 this was experimentally verified for
flat metal panele; in addition, it was noted that a pressure differen-
tial across the skln had a damping effect on flutter. The purpose of
the present investigation was to determine whether these same principles
are spplicable to a nommetallic, leminated fiberglass skin formed into

a closed structure.

In order to simulate the type of missile fuel cell which has its
external skin exposed to the air stream, a 0.020-inch-thick test panel
shaped =8 the frustum of & 3 ©15t half- angle cone was placed behind a
conical forebody. Pressure differentlals fram 50 to 6300 pounde per
square foot were imposed on the test specimen at Mach numbers of 1. 5
and 2.0 in the Lewis 8- by 6-foot supersonic wind tumnel at zero angle
of attack. Similar conditions were ggain imposed at angles of attack
of zero and 10° with the shell half-filled with water in simulation of
a partislly full fuel cell. The tendency of the skin to flutter and
the local stresses imposed by the various condltions investlgated are
reported and discussed hereln. Similar results are reported in
reference 4. :

APPARATUS AND PROCEDURE

A pbotograph of the configuration investigated is presented in
figure 1, and model detsile snd dimensions are given in figure 2. The
test specimen, which was sting-mounted in the tumnel test section, con-
slsted of a metal conical nose section and e thin-wall simulated fuel
cell. The skin was supported by two pressure bulkheads. The forward
bulkhead was fixed to the sting, whereas the rear bulkhead was free to
slide axially along the sting support. O-rings provided seals between
the sting end the bulkheads. Under a 7200-pound-per-square-foot pres-
sure differential the shell elongation was approximately 0.050 inch.
This arrangement gave assurance that the flberglass section was
always under tension with a positive pressure differential across the
shell.

The conlcal nose section was supported on the sting mount so that
no bending moments were imposed on the test shell. In addition, the
elght strein gages along the inmer surface of the shell (fig. 25 were
oriented to sense stress in an axisl direction only. The signals gener-
ated by these gages were continuously recorded by a multlchannel oscil-
lograph. Two thermocouples were used to obtain the skin temperature.

The internal shell pressure was varied by admitting ailr into the
shell through a pressure regulator indicated in figure 2. Thils pres-
sure was sensed by four statlc orificeg. located in the forward bulkhead.
Both internsl pressure and externsl tunnel conditione were measured with
mercury menometers and recorded photographilcally.

g

l

- 3617



NACA RM ESS5BO4 L] 3

High-speed motion pictures of the model were taken through the
schlieren window to obtaln a record of any shell flutter or deformation.
The stripes painted on the shell were intended to aid in detecting
visually any shell deformation which might occur.

Specifications for the materials used in the fabrication of the
laminated shell were furnished by the manufacturer and are as follows:

Glass cloth: Six plieg of 112 - Volan A 0.003-inch thick

LT9¢

Aluminum foil: One lamina of 2S-0 aluminum foll 0.002-inch thick
(placed between the two innermost plies of glass cloth to pre-
vent leakage)

Resin: Conolon 506
Adhesive: Metlbond X-181A (used to bond shell to metal bulkheads)

These materials had been cured for one hour at 350° F and a pressure of
15 pounds per square inch.

The experimentally obtained physical properties of the laminate
and adhesive, also furnished by the manufacturer, are gilven below:

Laminate:

High tempersture: Tensile strength, 32,400 pounds per square
inch. (Tested at 500° F after aging for 5 hr at 500° F.)

Roonm temperature: Tensile strength, 36,900 pounds per sguare

inch; Young's modulus, 1.8'7x106 pounds per square inchj -
Poisson's ratio, 0.27.

Adhesive:

High temperature: Shearing strength, 1267 pounds per square
inch. (Tested at 500° F after aging for 5 hr at 500° F.)

Room temperature: Shearing strength, 1688 pounds per square
inch.

The test was conducted in the Lewls 8- by 6-foot supersonic wind
tunnel where the Reynolds number per foot was 5.2x108. Pressure dif-
ferentials from 6300 pounds per square foot reduced successively to 50
pounds per square foot were lmposed on the model at free-stream Mach

! numbers of 1.5 end 2.0. The empty shell was investigated at zero angle
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of attaeck, then half-filled with water to simulate a pertially full -
fuel tank and investigated at angles of attack of zerq and 10“. Some e
zero-angle~of-attack data were also taken at a free-stream Mach number

of 0.6, The skin temperature was spproximstely 150° F during the entire

investigation.

RESULTS AND DISCUSSION

Lide

After the model had been installed in the wind-tunnel test sectlon,
the natural frequency of the assembly was determined by sharply striking
the shell normsl to the axls and recording the straln-gage traces of
the vibration decay. The natural frequency with no pressure differen-
tial scross an empty shell was approximately 100 cycles per second.

This value was reduced to about 50 cycles per second when the shell was
half-filied with water. With & 16800-pound-per-square-foot differentisl
acrogs the shell, the driving impulse was 1mmediately damped gand no o
natural frequency obtained. o -

Empty Shell

Because the test shell 18 1n the form of a conleal element, the
pressure dlistribution along the specimen length is not constant at
free-stresm Mach numbers greater than zero. The nature of these tests
precluded any attempt to instrument the shell wilth static wall orifices
to determine thls distribution directly. Therefore, the method of
reference 5, which 1s based upon second-order supersonic-flow theory,
was employed to campute the static-pressure distribution on the shell _
et free-stream Mach numbers of 1.5 and 2.0 for zero angle of attack.

By subtracting these external statlic pressures from the measured con-
stant internal pressure applied within the shell, the axlal distributlon
of the pressure differentiel across the shell is obtained. Figure 3
presents the distribution of pressure differential slong the fiberglass
section for minimum internsl pressures of 800 pounds per square foot at
a free-stream Mach number of 1.5 and 535 pounds per square foot at a
free-stream Mach number of 2.0. Ko indication of flutter or shell
failure was evident from either the high-speed motion pictures or the

straln-gage records.

Tests st zero angle of attack and a free-stream Mach pumber of 0.6
were also conducted with the empty shell. Under these conditions a
negatlive pressure differential (inner pressure lower than external pres-
sure) could be imposed on the shell. At & local negstive pressure dif-
ferentlal of the order of 20 pounds per square foot, a slight deforma-
tion (flattening)} of the shell was apparent. The single frame from the 'Y
high-speed film which is reproduced in figure 4(a) shows the failure
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occurring. A photograph of the shell in its normal or uncollapsed state
is also included (fig. 4(b)) for camparison. The latter photograph was
obtained after the internsl pressure waes raised to a velue sufficient to
return the shell to 1ts original shape. This value of the internal
pressure was greater than 2006 pounds per square foot but less than 2860
pounds per square foot.

Shell Containing Liquid

In order to simulate a partially full fuel cell, a second test
specimen was haelf-filled with water and investigated at conditions
similar to those of the investigation of the empty sheil. Additional
data were also obtained at a 10° angle of attack; however, since second-
order theory has not been successful in predicting static-pressure dis-
tributions in the region of crossflow, the pressure differentials across
the shell for the minimum internal pressure value imposed are presented
for zero angle of attack only (fig. 5). At the two angles of attack,
the minimm internsl shell pressures imposed were gpproximately equal.

At neither free-stream Mach numbers of 1.5 nor 2.0 was any visual
shell deformetion or flutter apparent. The strain-gage Instrumentation
did, however, glve same indicetion of erretic stress oscillations.
Figure 6 presents a section of typical oscillograph traces and shows the
rendom nature of the oscillations. Further indication of the erratic
nature of these osclllations can be obtained from figure 7, which sum-
marizes the dynemic stress data at a free-stream Mach number of 2.0.

If e channel is not plotted, no measurable dynamic stress was recorded.
It appears that the stress lmposed on the shell varies with iInternal
pressure, first increasing and then decreasing. The maximum values of
dynamic stres3 observed, +320 pounds per square inch, were still less
than 1 percent of the steady-state ultimate tensile strength.

As in the case of the empty shell, the half-filled shell deformed
when & negative pressure differential was gpplied at a free-stream Mach
number of 0.6, but would return to iis origlinal shape when the internal
pressure rose.

. SUMMARY OF ERESULTS

A glass-reinforced plastic shell having a 0.020-inch wall thickness
and sheped as the frustum of a 3°15' half-sngle cone was investigated
in the 8- by 6-foot tunnel at Masch numbers of 1.5 and 2.0. No shell
flutter or deformetion was observed with & positive pressure differential
as low as 50 pounds per square foot, the minimum investigated. The
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measured skin dynamic tensile stresses were negligible and were observed
only during tests of the shell half-~-filled with water to simulate a
partislly full fuel cell. At a Mach number of 0.6 both shells were de-
formed by the application of a negative pressuyre differential, but h
returned to normal shape when the internsl pressure was ralsed.

Lewls Flight Propulsion Laboratory
Nationsl Advisory Committee for Aeroneutics
Cleveland, Ohio, February 7, 1955
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Flgurs 2. - Schematilc dravm? of model used for study of panel flutter. (Dimensions other
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¢———— Fiberglass section
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{a) Free-stream Mach number, 2.0; internal pressure, 535
pounds per square foot ebsolute; pressure altitude,
35,500 feet.
.
\N
\\
20 30 40 50 60 70

Axial distance from cone tip, in.

('b) Free-stream Mech number, 1.5; internal pressure, 800
pounds per square foot absolute; pressure altitude,
26,270 feet.

Figure 3. - Pressure-differential distribution across skin.
Empty shell; minimum internal pressure; zero angle of
attack.
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(a) Internal pressure, 2006 pounds per square foot absolute.
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(b) Internal pressure between 2006 snd 2860 pounds per sguare foot ebsolute.

Figure 4. - Photographs of collapsed shell bhefore and after demt had
been removed. Free-stream Mach number, 0.8.
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600 (a) Free-stream Mach number, 2.0; internal pressure, 1188
pounds per square foot sbsolute; pressure altitude,
35,500 feet.
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Axial distence from cone tip, in.

(b) Free-stream Msch number,.1.5; internal pressure, 1090
pounds per square foot sbsclute; pressure altitude,
26,270 feet.

Figure 5. - Pressure-differential distribution scross skin.
Shell half-filled with water; minimum internal pressure;
zero angle of attack.
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Figure 7. - Effect of internal pressure on shell dynamic
stress. TFree-stream Mach number, 2.0; pressure sltitude,
35,500 feet.
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